Abstract: We observed 7.2 dB squeezing of continuous-wave light at 860 nm with a periodicallypoled KTiOPO 4 crystal in an optical parametric oscillator. The squeezing level was obtained as the LO phase was locked.
Introduction
Squeezed states of optical field are important resources for photonic quantum information processing. The level and the quality of squeezing directly determine the performance limit of protocols. Since Polzik et al. had reported 6.3 dB squeezing of continuous-wave (CW) light from a sub-threshold degenerate optical parametric oscillator (OPO) at 860 nm [1] , higher level of squeezing has not been observed under the condition of the local oscillator (LO) phase locked. They employed KNbO 3 as a nonlinear optical medium, and since then this has been a sort of standard in squeezing experiments at this wavelength. For KNbO 3 , however, the pump (blue or green) light induced infrared absorption (BLIIRA or GLIIRA) has been known as the limiting factor for attaining higher squeezing. A break-through was brought by Aoki et al. [2] , using periodically-poled KTiOPO 4 (PPKTP). Although existences of the pump light induced absorption in KTiOPO 4 (KTP) and PPKTP crystals have already reported in pulsed configurations [3] , they found out that BLIIRA did not arise at 946 nm in their CW configuration. Here we report the higher level of squeezing generation with PPKTP at 860 nm in a CW configuration. The range of this wavelength corresponds to the Cs D2 line, and hence fascinating for application to non-classical light sources that can couple with Cs atoms.
Experiment
A schematic of the experimental apparatus is shown in Fig. 1 . A continuous-wave Ti:Sapphire laser (Coherent MBR) at 860 nm with its output power of 1.6 W is employed to accomplish this experiment. The second harmonic of 430 nm is generated in the external-cavity frequency doubler with a KNbO 3 crystal as a nonlinear optical medium, and then utilized as the pump of the OPO. The output power of this doubler is more than 400 mW.
The OPO has a bow-tie type ring configuration with two spherical mirrors (radius of curvature: 50 mm), a flat mirror and a partial transmittance mirror as the output coupler. A round trip cavity length of 500 mm, a distance of two spherical mirrors of 58 mm and a 10 mm-long PPKTP crystal (Raicol Crystals) placed between the spherical mirrors result in waist radiuses of 20 m inside the crystal and 200 m outside the crystal. The oscillation threshold pump power P th =189 mW is calculated from nonlinear efficiency of the crystal E NL =0.022 W 1 , the intracavity loss L=0.006 and the transmissivity of the input coupler T=0.123 with a formula P th =(T L) 2 4E NL .
We emphasize that L=0.006 stays constant independently of the power of the pump beam, i.e., there is no BLIIRA even at 860 nm. We infer from the fact that the absence of BLIIRA is brought by the CW configuration.
The squeezed light generated in the OPO is detected by the HD with Si photodiodes and measured its sideband component at 1 MHz by the SA. In order to improve homodyne efficiency, the LO beam is filtered spatially by the MCC. Overall efficiency = T H after the OPO is obtained from transmissivity of the optical path T = 0.99 and the homodyne efficiency H = 0.98. The homodyne efficiency is dominated by visibility between the LO and the OPO output mode because quantum efficiency of Si photodiodes could be treated as unity at the wavelength. In order to lock a relative phase between the LO and the squeezed light, a probe beam and a PZT are exploited.
Measured noise levels as pumped at 100 mW are plotted in Fig. 2 . We succeeded to lock the phase of the LO at the squeezed and anti-squeezed quadrature and to obtain 7.2 dB squeezing and 11.6 dB anti-squeezing. 
